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Abstract. The electron-target-asymmetries and A± with target spin parallel and perpendicular to the 
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momentum transfer q were measured for both the two- and three-body breakup of 3 He in the 3 He(e, e'p)- 
reaction. Polarized electrons were scattered off polarized 3 He in the quasielastic regime in parallel kinemat- 
ics with the scattered electron and the knocked-out proton detected using the Three-Spectrometer- Facility 
at MAMI. The results are compared to Faddeev calculations which take into account Final State Inter- 
actions as well as Meson Exchange Currents. The experiment confirms the prediction of a large effect of 
Final State Interactions in the asymmetry of the three-body breakup and of an almost negligible one for 
the two-body breakup. 

PACS. 13.88.+e Polarization in interactions and scattering - 25. 70. Be Elastic and quasielastic scattering 
- 25.60.Ge Breakup and momentum distribution 



1 Introduction 

Thrce-nuclcon systems are good testing cases for our un- 
derstanding of the nuclear ground state and reaction mech- 
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anisms. The number of nucleons and their density is large 
enough to exhibit all important features of an (e, e'p)- 
reaction on complex nuclei. On the other hand it is small 
enough to allow exact calculations. One of the first works 
investigating the influence of Final State Interactions (FSI) 
and Meson Exchange Currents (MEC) on the spin observ- 
ables in 3-body systems uses a diagrammatic approach ^ 
E] which already predicts the basic features of the reac- 
tion mechanism. Nowadays calculations based on the non- 
relativistic Faddeev equation use modern nucleon-nucleon 
potentials and have reached a high degree of sophistica- 
tion. They are able to treat FSI as well as MEC (TUFT]. 
Recently, calculations using relativistic kinematics and a 
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relativistic current operator, but treating the FSI to first 
order only, became available 0- Three- nucleoli systems 
are also the natural place to study three-body forces which 
have attracted considerable attention (HHIElOIl ■ While the 
need for a three-body force in electron-induced break-up 
observables is not yet clear, it requires a careful study, 
since its effect might be obscured e.g. by an incomplete 
treatment of the nuclear current operator and/or relativis- 
tic effects. The analysis of the photodisintegration reac- 
tions [10111 lj suggests that in general the three-body force 
plays a significant role. 

With the availability of highly polarized 3 Hc of suffi- 
cient density and the delivery of polarized continuous elec- 
tron beams of high intensity, spin-dependent quantities 
can be studied, which show a large sensitivity to the un- 
derlying nuclear structure and reaction mechanism. Since 
in 3 He the protons reside with high probability in the S- 
state, the spin of 3 He is essentially carried by the neutron 
|12| . This characteristic of the 3 He-spin structure can be 

best exploited in the quasielastic reaction 3 He(e, e'n) with 
restriction to small missing momenta as well as in inclusive 

3 He(e, e') near the top of the quasielastic peak. In such 
kinematics the 3 He-target has been used extensively as 
polarized neutron target to measure the magnetic [PlTHl 
ITS] and electric |16U17II18II19II20| form factors of the neu- 
tron, G mn and G cn . The interference term of the electric 
and magnetic scattering amplitudes leads to an asymme- 
try from which G en is obtained with good precision, but 
it has to be corrected for FSI and MEC contributions. 
In particular at small momentum transfer Q 2 the effect of 
FSI is significant. As we shall see in this paper different as- 
pects of the underlying spin structure of 3 He are revealed 
in the reaction channels 3 He(e, e'p)d and 3 He(e, e'p)np. In 
particular when considering the effect of FSI the simple 
picture can change dramatically. 

A detailed knowledge of the ground state wave func- 
tion and a precise treatment of the reaction process is 
furthermore of importance for experiments which aim to 
extract the neutron spin structure functions from 3 He (e.g. 
Gerasimov-Drell-Hcarn sum rule) . The present study pro- 
vides an important test of the reliability of the necessary 
theoretical description of the three-body system. 

We have measured the electron-target-asymmetries A\\ 
and A± with target spin parallel and perpendicular to the 
momentum transfer q on top of the quasielastic peak in 
the reactions 3 He(e, e'p)d and 3 He(e, e'p)np. The knocked- 
out proton was detected in the direction of q (parallel 
kinematics). Here the theory predicts a large influence of 
FSI on the three-body breakup (3BB) but only a small 
effect for the two-body breakup (2BB). Contrary to ear- 
lier inclusive measurements |21| our experiment allows a 
clear separation of the 2BB and 3BB. The data were taken 
together with a study of the D-state admixture in 
the ground state of 3 He, which contributes to the high- 
momentum-components of the wave function [4Tl23U12| . 

In section 2 we explain the experimental setup. Section 
3 is devoted to the analysis of the data. While the peak of 
the 2BB can be separated from the 3BB by a cut in the 



missing energy, the 3BB is affected by the radiation tail of 
the 2BB; the separation has been performed by a Monte 
Carlo simulation. In section 4 we compare the measured 
data to our theoretical description. 

2 Experimental setup 

The experiment was carried out at the Three-Spectrometer- 
Facility of the Al collaboration at MAMI [^j. The po- 
larization of the incoming electron beam, P e , produced 
by photoelectron emission from a stressed-layer GaAsP 
crystal was measured twice a day with a M0llcr po- 
larimeter located a few meters upstream of the target. P e 
was constant within the statistical error bars of the in- 
dividual measurements in each of the two separate run 
times. In the second beam time period an increased P e of 
81 % was achieved compared to 73 % in the first part; 
the luminosity-weighted average over the two run times of 
three weeks in total amounted to (76.21 ± 0.16 (stat.) ± 
1.3 (syst.)) %. The current was held constant at 10 //A, 
the maximum tolerated by the polarized target system. 

Details of the setup for the polarized target were given 
earlier |19U20j . 3 He is polarized by the technique of meta- 
stable optical pumping at ?» 1 mbar and subsequently 
compressed to w 5 bar by a titanium piston compres- 
sor |2I3 ■ Polarizations of up to 70 % were reached. The 
gas was filled into a glass container consisting of a spheri- 
cal part (diameter 80 mm) with cylindrical extensions on 
both sides. These are closed by end caps of 25 /zm thick 
Cu-foils which serve as entry and exit windows for the elec- 
tron beam. The windows are outside of the acceptance of 
the spectrometers to reduce background. In addition, the 
target area is shielded with lead bricks. The polarization 
of 3 He is maintained by a homogeneous magnetic field of 
4 G. It is provided by three coils wrapped around a box of 
/z-metal and iron plates which serve as shield against the 
stray field of the magnetic spectrometers. With a careful 
preparation of the glass container, covered by a layer of 
cesium, relaxation times of 70 to 80 h were achieved at 
a pressure of 2 bar. Due to additional relaxation mecha- 
nisms like collisions of the 3 He atoms among each other 
as well as the ionization of 3 He by the electron beam, the 
lifetime of the polarization is effectively reduced. With 
the known values for the influence of the electron beam 
and the pressure on the relaxation time |27II28| one com- 
putes for our conditions an in-beam relaxation time of 
45 h. The in-beam relaxation times measured in nine 
different target cells varied between 20 and 40 h. They 
were changed twice a day. Surprisingly it was observed 
that the relaxation time increased with repeated use in the 
electron beam. This effect is not entirely understood yet. 
The reason might be outgassing of the glue, used for the 
copper foil attachment. The outgassing could be initiated 
by the electron beam which would lead to a contamina- 
tion of the 3 He gas and to a reduction of the relaxation 
time due to paramagnetic centers. After several refills out- 
gassing is reduced. 

The polarization of 3 He was monitored with Adiabatic 
Fast Passage (AFP) using the technique described in rcf. 
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Table 1. The kinematical setting. E: beam energy, p' c (p p ): 
central momentum of spectrometer A (B), 9 C (8 P ): central angle 
of spectrometer A (B). The given four-momentum transfer Q 2 
is averaged over the detector acceptance. 
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[25] which measures the magnetic field of the oriented 
spins. The main systematic error of AFP is due to the 
distance measurement between the magnetometer and the 
center of the spherical target. The method was compared 
to and found to be in agreement with an absolute po- 
larization measurement performed at the TRIGA reactor 
of the Mainz University [201 - This method exploits the 
polarization-dependence of the neutron-flux through the 
3 He-container. Since the AFP-tcchniquc destroys part of 
the polarization (« 0.1 - 0.2 %) and since it cannot be used 
during data-taking due to spin-flipping, it is used only 
about once in 4 h. Therefore Nuclear Magnetic Resonance 
(NMR) monitored continuously (~ every 10 min) the rel- 
ative polarization and served mainly as online control of 
the polarization. The systematic error of the absolute po- 
larization is estimated to be 4 % and the uncertainty in 
the relaxation time is 2 h. Averaged over the beam time 
the target polarization, Pt, was (49.8 ± 0.3 (stat.) ± 2 
(syst.)) %. 

The scattered electron and the knocked-out proton 
from the reaction 3 He(e, e'p) were detected in the high- 
resolution magnetic spectrometers A and B, respectively. 
The kinematic setting is given in table ^ The Q 2 var- 
ied over the detector acceptance between 0.25 and 0.4 
(GeV/c) 2 and p' c between 540 and 575 MeV/c. The miss- 
ing momentum \p m \ = \q — P P \ is less than 120 MeV/c 
and on average 40 MeV/c. In the same kinematics and 
setup data with H2 were taken for checks (see below). 

The electron helicity was randomly flipped every sec- 
ond. The target spin direction was changed after every 
hour of data taking, cycling through the spin orientations 
parallel, perpendicular, antiparallel and antiperpendicular 
relative to the momentum transfer. This reduces system- 
atic errors considerably. 



3 Data analysis 

From the measured kinematic variables, the missing en- 
ergy is reconstructed according to 

E m = E — E e — T p — Tr. (1) 

Here, E (E e ) is the initial (final) electron energy and T p is 
the kinetic energy of the outgoing proton. Tr is the kinetic 
energy of the (undetected) recoiling (A-l)-systcm, which 
is reconstructed from the missing momentum under the 
assumption of 2BB; the error made by also using this for 
the 3BB is of minor importance due to the smallncss of 
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Fig. 1. Missing energy, as calculated by Eq. against the 
reconstructed reaction vertex position along the beam axis. 
Positive values are downstream. The thick line is a fit to the 
Em distribution belonging to the 2BB. 



the missing momentum in the chosen kinematics. Due to 
energy losses of the outgoing electron and proton, espe- 
cially in the 2 mm thick glass wall of the target cell, E m is 
shifted to larger values. In addition there exists a depen- 
dence of E m on the reconstructed reaction vertex position 
along the beam axis (see fig. QJ. It reflects the fact that 
the thickness of the target wall is not constant. This pat- 
tern differs from cell to cell. A maximum of the energy loss 
between 2 and 3 cm downstream from the center of the 
target cell is common to most of the target containers. It 
is due to an increase of the glass thickness at the position 
where the cylindrical extension is attached to the spheri- 
cal part. The spectrum shown in fig. ^ was fitted for each 
target cell individually to correct E m for this dependence. 
The corrected E m distribution is shown as thick black line 
in fig. [3 No indication of background is found in the E m 
spectrum. The resolution is limited mainly by the prop- 
erties of the target cell and not by the resolution of the 
spectrometers. 

The FWHM of 1 MeV allows a clear separation of the 
the -Em-regions where only 2BB or 2BB and 3BB con- 
tribute. The ^m-region from 4.0 to 6.5 MeV is interpreted 
as pure 2BB. This cut was chosen to avoid any contribu- 
tion from the 3BB-channel (starting at 7.7 MeV) consid- 
ering the experimental E m resolution. In agreement with 
ref. [21], the yield of the 3BB is negligible beyond 25 MeV. 
Therefore the cut for the 3BB-channel was made from 7.5 
to 25.5 MeV in the E m spectrum. Because the 3BB re- 
sides on the radiation tail of the 2BB, the latter has to 
be accounted for in the analysis of the 3BB-rcgion of the 
measured spectrum. To this end, the tail was calculated 
in a Monte Carlo simulation which accounts for internal 
and external bremsstrahlung, ionization loss and exper- 
imental energy resolution adjusted to the experimental 
distribution. In the simulation the detector acceptances 
were taken into account. The quality of the calculation 
was checked on H2-data where the tail region is not ob- 
scured by 3BB. Good agreement between calculation and 
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turn distribution in 3 He is small. In order to gain confi- 
dence in the subtraction of the 2BB and thus in the de- 
termination of the 3BB-contribution, we also performed 
a Monte Carlo calculation of the 3BB-channel. For this 
simulation we took directly the theoretical E m distribu- 
tion from ref. |32| . 

Fig.[2lshows the measured E m spectrum together with 
the calculated 2BB-channel. Also shown is the result after 
subtracting the simulated 2BB contribution from the ex- 
perimental data, which we interpret as 3BB-channel. For 
a better display of the radiation tail and of the 3BB, the 
same plot is shown with logarithmic scale in fig. EI Here we 
also show the simulation of the 3BB, which, apart from a 
small excess around E m = 14 MeV, agrees very well with 
the 3BB data. The small deviation can be traced back to 
a little bump in the theoretical spectral function of ref. 
|32j : it should be of no importance for this analysis. 

The ratio of the Monte Carlo simulation of the 2BB to 
the experimental data in the region of the 3BB is denoted 
by CI23. For the region 7.5 < E m < 25.5 MeV it amounts 
to a 23 = 0.434 ± 0.002 (stat.) ± 0.015 (sys.). The system- 
atic error was estimated from simulations using different 
ingredients (in particular different inhomogencous glass 
thicknesses of the container) and from the sensitivity to 
cuts like e.g. the reconstructed reaction vertex. 

For the four target spin angles the experimental asym- 
metry is obtained via 
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Fig. 2. Experimental E m distribution (thick line 2BB) and the 
simulation of the 2BB (thin red line). The difference is shown 
as thick black line 3BB. 
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Fig. 3. Same as fig.|5|on a logarithmic scale. In addition the 
simulation of the 3BB is shown in red. 



measured data was found. In the simulation, the inhomo- 
geneous thickness of the glass container was taken into 
account, but a small dependence of E m on the reaction 
vertex remained. The resulting uncertainty was accounted 
for in the systematic error of the 3BB data. 

The simulation for 3 He starts from the initial momen- 
tum distribution of the bound proton and subsequently 
uses the kinematical relations valid in PWIA. Two mo- 
mentum distributions were used in the Monte Carlo simu- 
lation. One stems from a fit to the experimental results of 
ref. |^. The other results from a theoretical calculation 
using the Reid soft-core interaction [22] - As expected the 
dependence of the simulated E m spectrum on the momen- 



where L + (L~) are the integrated charge and N + (N~) 
the number of events for positive (negative) electron helic- 
ity within the above limits for the 2BB- and 3BB-channels. 
No background needs to be subtracted: It is less than 0.3 % 
in the coincidence time spectrum and vanishes entirely in 
the E m spectrum within the used limits. The charge asym- 
metry (L + — L~)/(L + + L~) was constant during the mea- 
surement and amounted to 0.2 %; it has no influence on 
the accuracy of the extracted asymmetries. 

The average direction of the momentum transfer does 
not exactly match the reference direction of the target 
spin, i.e. the one for the parallel asymmetry. Therefore, 
A exp contains contributions from the perpendicular and 
parallel asymmetry, respectively: 



A„ 



A\\ cos A9 + A± sinzifl. 



(3) 



Here Ad is the difference between the target spin angle, 
#t, and the angle of the momentum transfer, 9 q . The mean 
angle 9 q was constructed from measured quantities for the 
events in the 2BB-peak of the E m distribution. The target 
spin angle 6t was measured with a magnetometer, located 
6 cm below the center of the target cell, with a systematic 
uncertainty of 0.2°. Due to gradients in the magnetic field 
of the target box small deviations from the actual value 
at the position of the target cell can occur. This has been 
corrected for by using calibration data taken during the 
setup of the experiment. After each change of the mag- 
netic field 0t is remeasured. The luminosity-weighted av- 
erages of the target spin angles amounted to 48.6°, 138.5°, 
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Table 2. Asymmetries for the four target spin angles 0t 
in the 2BB- (E m : 4.0-6.5 MeV) and 3BB-region (E m : 7.5- 
25.5 MeV). A3BB is the asymmetry after correcting for the 
2BB-contribution in the 3BB-region. In parentheses the statis- 
tical and systematic errors are given. In addition the averages 
for parallel (||) and perpendicular (_L) target spin orientations 
are presented. 
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228.6° and 318.5° relative to the beam direction. Rela- 
tive to the central photon direction as given in Table ^ 
for parallel kinematics these angles correspond to paral- 
lel, perpendicular, antiparallel and antiperpcndicular spin 
directions, respectively. The maximum deviation from the 
parallel and antiparallel directions, respectively, was 0.4°. 
This leads only to a small correction. 

In order to compare the measured with the theoretical 
asymmetry, A eX p has to be normalized to the electron and 
target polarizations: 

A = —j^-A exp . (4) 

While the data with 4.0 MeV < E m < 6.5 MeV uniquely 
define the 2BB-events and thus determine the asymme- 
try in this channel, A 2 bb, the region 7.5 MeV < E m < 
25.5 MeV is fed by the 3BB and by the radiation tail 
of the 2BB. The asymmetry in this -Em-region is named 
^■2+3BB- In order to extract the asymmetry A3BB for the 
3BB-channel, A2+3BB has to be corrected for the 2BB- 
contribution. This is achieved via 

, A2+3BB — A 2 BB 023 /_s 

AzBB = : • (5) 

1 - «23 

4 Results and discussion 

The measured asymmetries are summarized in tabled to- 
gether with the statistical and systematic (first and sec- 
ond value in parentheses) errors. They are given for the 
four spin angles separately and also as mean over the 
(anti)parallel (||) and (anti)perpendicular (1) directions, 
respectively, with appropriately accounting for changes in 
the sign. The systematic errors from the electron and tar- 
get polarization as well as from the measurement of the 
target spin direction were taken into account. Because the 
values of the asymmetry for parallel and perpendicular 
target spin are quite similar in size for the 2BB and 3BB, 
respectively, the sensitivity to the target spin direction is 
equally small for both asymmetries. The main uncertainty 
in the extraction of the 3BB asymmetry comes from 023. 



Fig. 4. Comparison of the data shown in table [5] to the 
theoretical calculation for the 2BB and 3BB for the four 
target spin directions (anti)parallel (||, -||; left panel) and 
(anti)perpendicular (_L, -1; right panel). In addition the com- 
bined sum for the parallel and perpendicular position is shown 
(|| and 1, respectively). To facilitate the comparison, all 2BB 
(3BB)data are shown with positive (negative) sign. PWIA: dot- 
dashed lines. Full calculation including FSI and MEC: solid 
lines. Statistical errors point up, systematic uncertainties point 
down. For the 2BB the size of the error bars is smaller than 
the symbols. 



In fig. El the measured asymmetries are compared to 
our corresponding calculations using the AV18 potential. 
The variation of the calculated asymmetry with the pro- 
ton scattering angle is negligible over the range covered 
by spectrometer B (horizontal: 1 20 mrad, vertical: 1 
70 mrad). However, the asymmetry shows large variations 
with the electron angle (horizontal: ± 100 mrad, verti- 
cal: ± 70 mrad) and the final electron momentum in both 
channels (Ap = 40 MeV/c). Therefore asymmetries for ten 
different kinematics were calculated and averaged over the 
detector acceptance. The result using PWIA only is shown 
by the dashed-dotted line. The calculation including FSI 
accounts for the interaction between the two spectator nu- 
cleons (rescattering term) as well as between the hit nu- 
cleon and the spectator(s) (direct FSI). It is shown by the 
solid line. The effect of MEC is negligible in this kinemat- 
ics. The data integrated over the total detector acceptance 
are in good agreement with the calculation including FSI. 

The calculation shows that the FSI contribution is 
small in the 2BB while it is large in 3BB. This suggests 
that the main contribution of FSI results from the rescat- 
tering term which docs not exist in the 2BB, and not from 
direct FSI. The same conclusion was already drawn in an- 
other context in refs. jS] and |20j . 

Since the 2BB is quantitatively described by the PWIA 
calculation, it can be interpreted as follows: The polarized 
3 He can be described by the disintegration into a deuteron 
and a proton, the spins of which couple to the 3 He-spin 
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according to 



|(1, 1/2) 1/2, + 1/2 > 



1,1 > |l/2, -1/2 > 



|1,0> |l/2,+l/2> .(6) 



The first value in the ket-symbols on the right hand side 
of eq. is the spin S, the second one the projection on 
the quantization axis Ms- On the left hand side the sub- 
system in 3 Hc consisting of two nucleons couples first to 
spin 1 and then with the remaining nucleon of spin 1/2 
to the 3 Hc-spin 5" = 1/2, = +1/2. From eq. © one 

derives that for the 2BB-channel a 100%-polarized 3 He 
target constitutes a proton target which is 33% polarized 
in the direction opposite to the 3 Hc-targct. This value 
is also confirmed by the spin asymmetry in the momen- 
tum distribution at small nucleon momenta obtained by 
a Faddeev calculation shown in Fig. 2 of ref. For the 
given kinematics, the asymmetry on a polarized proton is 
39.2 % for the parallel and -41.4 % for the perpendicular 
spin direction. Combining this with the degree of proton 
polarization gives our result for the 2BB of polarized 3 Hc, 
namely 13.1 % and -13.8 %, respectively. Therefore, in 
the 2BB-channcl 3 Hc can be regarded as a proton target 
with a polarization reduced by a factor 1/3 with respect 

to that of 3 Hc. 

In PWIA the asymmetry is almost zero for the 3BB 
which reflects the fact that the two protons, which are 
dominantly in the 5-state and thus have opposite spin 
orientation, now contribute equally to the knock-out re- 
action. The inclusion of FSI, however, leads to an asymme- 
try, which is larger and opposite in sign compared to the 
2BB. This effect was already predicted in ref. [HI], where 
it was explained by the large difference between the sin- 
glet and the triplet pn-interaction at low energies of the 
spectators. One could naively expect that the np t-matrix 
is dominated by the singlet interaction and thus the spins 
of the neutron and one of the protons are opposite to each 
other. This would lead to the effect that the knocked-out 
proton carries up to 100 % the 3 Hc-spin. However this 
is not the case, since also the triplet np t-matrix con- 
tributes. Therefore the response functions depend on dif- 
ferent combinations of spin orientations of the np specta- 
tor pair and the knocked out proton. As a consequence, the 
asymmetries carry information on the rescattering mech- 
anism and the 3 He state, which does not drop out. This 
does not allow to consider this reaction channel as a scat- 
tering process on a free polarized proton as it was argued 
in ref. [32] . In this reference the authors conclude that the 
proton-polarization in the 2BB- and 3BB-channels should 
be equal in size with only opposite sign. However, the ex- 
perimental and theoretical results presented in this paper 
do not support this statement. The same conclusion can 
also be drawn from the coupling scheme described in eq. 


Furthermore, the 3BB-region was split into five equal 
bins from 7.5 to 25.5 MeV. Effects from radiative pro- 
cesses were unfolded in two steps. First the asymmetry in 
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Fig. 5. Parallel and perpendicular asymmetry as a function 
of Em in the 3BB-channel. An: data (squares), theory (solid 
line). A±: data (circles), theory (dashed line). Statistical errors 
point up, systematic uncertainties point down. The squares are 
(artificially) shifted in U m by +0.1 MeV to avoid overlapping 
data points. 



the 3BB-channel was obtained by accounting for the radi- 
ation tail from the 2BB-channcl using Eq.0but applying 
it for each bin separately. Caused by the different shapes 
of the radiation tail of the 2BB and the distribution of the 
3BB the factor 023 is different for each bin. Second, due 
to radiative processes within the 3BB-channel events are 
shifted from one bin to subsequent bins at higher E m . This 
leads to a redistribution of the number of events and sub- 
sequently to a mixing of the asymmetries between different 
E m bins. To account for this effect the theoretical asym- 
metry as a function of E m was fed into the Monte Carlo 
simulation and the change of the asymmetry in each bin 
without and with radiative processes was recorded. This 
factor was used to correct the experimental asymmetries 
in each of the five bins. 

The result for the parallel (squares) and perpendicular 
(circles) asymmetry is compared to theory in fig- EI Within 
the error bars the experimental and theoretical results are 
in good agreement. Also here MEC do not play a role. It 
was tested that a calculation using the CDBonn potential 
instead of the AV18 did not lead to significantly different 
results. In addition, the Urbana IX three-nucleon force 
was included for the first time in our calculation for the 
3 He(e, e'p)d and 3 He(e, e'p)np processes. The calculation 
performed for the central kinematics of this experiment 
shows a difference of less than —0.01 in the asymmetry 
at large E m compared to the result without three-nucleon 
force. 



5 Summary 

Using two high resolution spectrometers in coincidence it 
was possible to separate the regions of the 2BB- and 3BB- 
channel in the reaction 3 He(e, e'p) on top of the quasielas- 
tic peak in parallel kinematics. Mainly caused by the wall 
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of the target container the FWHM of the E m distribution 
in the 2BB-channel is broadened to 1 MeV. The radiative 
tail of the 2BB contributes more than 40% in the E m - 
region of the 3BB. A Monte Carlo simulation of the 2BB- 
channel was used to extract the asymmetry for the 3BB. 
Due to the large opposite asymmetries for the 2BB and 
3BB some sensitivity of the 3BB asymmetry to the input 
parameters of the simulation is present. It contributes the 
largest part to the systematic error of the extracted 3BB 
asymmetry. As a check of the analysis the E m spectrum of 
the 3BB was also simulated and found in good agreement 
with the measurement except for a small bump around 
14 MeV. 

The measured parallel and perpendicular asymmetries 
of the 2BB and 3BB are in excellent agreement with our 
Faddeev calculations. This holds also for the more detailed 
comparison in the 3BB-channel in five £" m -bins. This con- 
firms that our theory is a reliable tool for the description 
of reactions using 3 He. 

The calculation shows that MEC-contributions are neg- 
ligible in both channels and the influence of the three- 
nucleon force is small. In our kinematics, the asymmetry 
in the 2BB-channcl is governed by the impulse-approxima- 
tion, i.e. FSI-contributions arc negligible. In this channel 
3 He can be regarded as a proton target with a polarization 
being given by the (Clebsch-Gordon-)weights of the cou- 
pling of the proton and the deuteron spins to the 3 He-spin; 
this results in a 30%-polarization of the proton opposite 
to that of the 3 Hc. In contrast, the asymmetry in the 3BB- 
channel is large and dominated by both, the singlet and 
the triplet interaction between the spectators (rescatter- 
ing term). This leads to an asymmetry which cannot be 
considered as resulting from scattering on a polarized pro- 
ton. There is still dependence on the 3 He-spin structure 
and the rescattering mechanism. The underlying reaction 
and coupling mechanisms leading to the asymmetries for 
the 3 He(e, e'p)d and 3 He(e, e'p)np reaction channels will 
be further theoretically investigated in a forthcoming pa- 
per. 
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